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CHANNEL STRUCTURE FOR 
COMMUNICATION SYSTEMS 

CROSS REFERENCE 

This application is a divisional application of application 
Ser. No. 08/931,535, ?led Sep. 16, 1997, now US. Pat. No. 
6,377,809, entitled “Channel Structure For Communication 
Systems.” 

BACKGROUND OF THE INVENTION 

I. Field of the Invention 
The present invention relates to communications. More 

particularly, the present invention relates to a channel struc 
ture for communication systems. 

II. Description of the Related Art 
The use of code division multiple access (CDMA) modu 

lation techniques is one of several techniques for facilitating 
communications in Which a large number of system users are 
present. Although other techniques such as time division 
multiple access (TDMA) and frequency division multiple 
access (FDMA) are knoWn, CDMA has signi?cant advan 
tages over these other techniques. The use of CDMA tech 
niques in a multiple access communication system is dis 
closed in US. Pat. No. 4,901,307, entitled “SPREAD 
SPECTRUM MULTIPLE ACCESS COMMUNICATION 
SYSTEM USING SATELLITE OR TERRESTRIAL 
REPEAT ERS,” and assigned to the assignee of the present 
invention and incorporated by reference herein. The use of 
CDMA techniques in a multiple access communication 
system is further disclosed in US. Pat. No. 5,103,459, 
entitled “SYSTEM AND METHOD FOR GENERATING 
SIGNAL WAVEFORMS IN A CDMA CELLULAR TELE 
PHONE SYSTEM”, assigned to the assignee of the present 
invention and incorporated by reference herein. The CDMA 
system can be designed to conform to the “TIA/EIA/IS-95 
Mobile Station-Base Station Compatibility Standard for 
Dual-Mode Wideband Spread Spectrum Cellular System”, 
hereinafter referred to as the IS-95 standard. Another code 
division multiple access communication system includes the 
GLOBALSTAR communication system for World Wide 
communication utiliZing loW earth orbiting satellites. 
CDMA communication systems are capable of transmit 

ting traf?c data and voice data over the forWard and reverse 
links. A method for transmitting traf?c data in code channel 
frames of ?xed siZe is described in detail in US. Pat. No. 
5,504,773, entitled “METHOD AND APPARATUS FOR 
THE FORMATTING OF DATA FOR TRANSMISSION”, 
assigned to the assignee of the present invention and incor 
porated by reference herein. In accordance With the IS-95 
standard, the traf?c data and voice data are partitioned into 
traf?c channel frames Which are 20 msec in duration. The 
data rate of each traf?c channel frame is variable and can be 
as high as 14.4 Kbps. 

In the CDMA system, communications betWeen users are 
conducted through one or more base stations. A?rst user on 
one remote station communicates to a second user on a 

second remote station by transmitting data on the reverse 
link to a base station. The base station receives the data and 
can route the data to another base station. The data is 
transmitted on the forWard link of the same base station, or 
a second base station, to the second remote station. The 
forWard link refers to transmission from the base station to 
a remote station and the reverse link refers to transmission 
from the remote station to a base station. In IS-95 systems, 
the forWard link and the reverse link are allocated separate 
frequencies. 
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2 
The remote station communicates With at least one base 

station during a communication. CDMA remote stations are 
capable of communicating With multiple base stations simul 
taneously during soft handoff. Soft handoff is the process of 
establishing a link With a neW base station before breaking 
the link With the previous base station. Soft handoff mini 
miZes the probability of dropped calls. The method and 
system for providing a communication With a remote station 
through more than one base station during the soft handoff 
process are disclosed in US. Pat. No. 5,267,261, entitled 
“MOBILE ASSISTED SOFT HANDOFF IN A CDMA 
CELLULAR TELEPHONE SYSTEM,” assigned to the 
assignee of the present invention and incorporated by ref 
erence herein. Softer handoff is the process Whereby the 
communication occurs over multiple sectors Which are ser 

viced by the same base station. The process of softer handoff 
is described in detail in US. Pat. No. 5,933,787, entitled 
“METHOD AND APPARATUS FOR PERFORMING 
HANDOFF BETWEEN SECTORS OF A COMMON 
BASE STATION”, ?led Dec. 11, 1996, assigned to the 
assignee of the present invention and incorporated by ref 
erence herein. 

Given the groWing demand for Wireless data applications, 
the need for very ef?cient Wireless data communication 
systems has become increasingly signi?cant. An eXemplary 
communication system Which is optimiZed for data trans 
mission is described in detail in copending US. patent 
application Ser. No. 08/654,443, entitled “HIGH DATA 
RATE CDMA WIRELESS COMMUNICATION 
SYSTEM”, ?led May 28, 1996, assigned to the assignee of 
the present invention, and incorporated by reference herein. 
The system disclosed in US. Pat. No. 5,930,230 is a variable 
rate communication system capable of transmitting at one of 
a plurality of data rates. 
A signi?cant difference betWeen voice services and data 

services is that the former requires a ?Xed and common 
grade of service (GOS) for all users. Typically, for digital 
systems providing voice services, this translates into a ?Xed 
and equal data rate for all users and a maXimum tolerable 
value for the error rates of the speech frames, independent 
of the link resource. For the same data rate, a higher 
allocation of resource is required for users having Weaker 
links. This results in an inef?cient use of the available 
resource. In contrast, for data services, the GOS can be 
different from user to user and can be a parameter optimiZed 
to increase the overall ef?ciency of the data communication 
system. The GOS of a data communication system is typi 
cally de?ned as the total delay incurred in the transfer of a 
data message. 

Another signi?cant difference betWeen voice services and 
data services is the fact that the former imposes stringent and 
?Xed delay requirements. Typically, the overall one-Way 
delay of speech frames must be less than 100 msec. In 
contrast, the data delay can become a variable parameter 
used to optimiZe the efficiency of the data communication 
system. 
The parameters Which measure the quality and effective 

ness of a data communication system are the total delay 
required to transfer a data packet and the average throughput 
rate of the system. Total delay does not have the same impact 
in data communication as it does for voice communication, 
but it is an important metric for measuring the quality of the 
data communication system. The average throughput rate is 
a measure of the ef?ciency of the data transmission capa 
bility of the communication system. 
A communication system designed to optimiZe transmis 

sion of data services and voice services needs to address the 
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particular requirements of both services. The present inven 
tion provides a channel structure Which facilitate transmis 
sions of data and voice services. 

SUMMARY OF THE INVENTION 

The present invention is a novel and improved channel 
structure for use in communication systems. The present 
invention provides for tWo sets of physical channels, one for 
the forWard link and another for the reverse link, to facilitate 
communication of a variety of logical channels. The physi 
cal channels comprise data and control channels. In the 
exemplary embodiment, the data channels comprise funda 
mental channels Which are used to transmit voice traffic, data 
traffic, high speed data, and other overhead information and 
supplemental channels Which are used to transmit high 
speed data. In the exemplary embodiment, the forWard and 
reverse traf?c channels can be released When the remote 
stations are idle to more fully utiliZe the available capacity. 
The control channels are used to transmit control messages 
and scheduling information. 

It is an object of the present invention to provide a channel 
structure Which supports voice services and data services. In 
the exemplary embodiment, the traffic channels comprise 
fundamental and supplemental channels. The fundamental 
channels can be used to transmit voice traffic, data traffic, 
high speed data, and signaling messages. The supplemental 
channels can be used to transmit high speed data. In the 
exemplary embodiment, the fundamental and supplemental 
channels can be transmitted concurrently. In the exemplary 
embodiment, to improve reliability (especially for signaling 
messages) the fundamental channels are supported by soft 
handoff. 

It is another object of the present invention to provide a 
channel structure Which maximiZes the throughput rate of a 
communication system. In the exemplary embodiment, the 
supplemental channels transmit at one of a plurality of data 
rates. The data rate is selected based on a set of parameters 
Which can comprise the amount of information to be 
transmitted, the transmit poWer available for the remote 
station, and the required energy-per-bit. The data rate is 
assigned by a scheduler such that the system throughput rate 
is maximiZed. 

It is yet another object of the present invention to provide 
a channel structure Which optimiZes transmissions from 
multi-cell and multi-carrier. In the exemplary embodiment, 
the poWer levels of all base stations in the active set of the 
remote station are measured periodically during a commu 
nication. The multi-cellApoWer levels are transmitted to the 
base stations Which use the information to transmit high 
speed data from the “best” set of base stations, thereby 
increasing capacity. In addition, the poWer levels of all 
carriers are also measured periodically and the multi-carrier 
A poWer levels are transmitted to the base stations. The base 
stations can use the information to increase the poWer level 
of Weak carriers or to reassign the remote station to a neW 
carrier assignment. 

It is yet another object of the present invention to provide 
a channel structure Which minimiZes poWer consumption 
and increase system capacity. In the exemplary embodiment, 
the remote station operates in one of three operating modes 
Which comprise the traffic channel mode, the suspended 
mode, and the dormant mode. If the period of inactivity 
since the termination of the last transmission exceeds a ?rst 
predetermined threshold, the remote station is placed in the 
suspended mode. In the exemplary embodiment, in the 
suspended mode, the traffic channel is released but the state 
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4 
information is retained by both the remote station and the 
base station and the remote station monitors the paging 
channel in the non-slotted mode. Thus, the remote station 
can be brought back to the traffic channel mode, in a short 
time period. If the period of inactivity exceeds a second 
predetermined threshold, the remote station is placed in the 
dormant mode. In the exemplary embodiment, in the dor 
mant mode, the state information is not retained by neither 
the remote station nor the base station but the remote station 
continues to monitor the paging channel in the slotted mode 
for paging messages. 

It is yet another object of the present invention to provide 
a channel structure Which minimiZes processing delay for 
high speed data transmissions. In the exemplary 
embodiment, the control data are transmitted over control 
frames Which are a fraction of the traffic channel frame. In 
the exemplary embodiment, the data rate request by the 
remote station and other information are transmitted by the 
remote station using a control channel frame format Which 
minimiZes the processing delay betWeen the time a data rate 
request is made to the time of actual transmission at the 
assigned data rate. In addition, the present invention pro 
vides for erasure-indicator-bits for both the forWard and 
reverse links Which can be used in place of NACK RLP 
frames de?ned by the IS-707 standard. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features, objects, and advantages of the present 
invention Will become more apparent from the detailed 
description set forth beloW When taken in conjunction With 
the draWings in Which like reference characters identify 
correspondingly throughout and Wherein: 

FIG. 1 is a diagram of an exemplary communication 
system of the present invention; 

FIG. 2 is a block diagram illustrating the basic subsystems 
of an exemplary communication system of the present 
invention; and 

FIG. 3 is an exemplary diagram illustrating the relation 
ship betWeen the physical and logical channels on the 
forWard link; 

FIG. 4 is an exemplary diagram illustrating the relation 
ship betWeen the physical and logical channels on the 
reverse link; 

FIGS. 5A and 5B are exemplary diagrams Which illustrate 
of the use of the inter-cell A poWer levels to control the 
forWard supplemental channel transmission, respectively; 

FIG. 6 is an exemplary diagram of the spectrum of the 
received multi-carrier signal; 

FIG. 7A is a diagram of an exemplary reverse link 
pilot/control channel frame format; 

FIG. 7B is an exemplary timing diagram illustrating the 
reverse link high speed data transmission; 

FIG. 7C is an exemplary timing diagram illustrating the 
use of inter-cell A poWer levels; 

FIG. 7D is an exemplary timing diagram illustrating the 
use of inter-carrier poWer levels; 

FIG. 7E is an exemplary timing diagram illustrating the 
transmission of the EIB bits; 

FIGS. 8A—8B are exemplary timing diagrams shoWing 
the transitions to the suspended and dormant modes and 
exemplary state diagram shoWing the transitions betWeen 
the various operating modes, respectively; 

FIG. 8C is an exemplary diagram shoWing a scenario 
Wherein a remote station operating in the suspended mode 
sends a location update message upon detecting a neW pilot; 
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FIGS. 9A—9B are exemplary diagrams illustrating the 
protocol for a base station initiated transitions from the 
suspended and dormant modes to the traffic channel mode, 
respectively; and 

FIGS. 9C—9D are exemplary diagrams illustrating the 
protocol for a remote station initiated transitions from the 
suspended and dormant modes to the traffic channel mode, 
respectively. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

I. System Description 
Referring to the ?gures, FIG. 1 represents an exemplary 

communication system. One such system is the CDMA 
communication system Which conforms to the IS-95 stan 
dard. Another such system is described in the aforemen 
tioned US. Pat. No. 5,930,230. The communication system 
comprises multiple cells 2a—2g. Each cell 2 is serviced by a 
corresponding base station 4. Various remote stations 6 are 
dispersed throughout the communication system. In the 
exemplary embodiment, each of remote stations 6 commu 
nicates With Zero or more base station 4 on the forWard link 
at each traf?c channel frame or frame. For example, base 
station 4a transmits to remote stations 6a and 6 j, base station 
4b transmits to remote stations 6b and 6 j, and base station 4c 
transmits to remote stations 6c and 6h on the forWard link at 
frame i. As shoWn by FIG. 1, each base station 4 transmits 
data to Zero or more remote stations 6 at any given moment. 
In addition, the data rate can be variable and can be 
dependent on the carrier-to-interference ratio (C/I) as mea 
sured by the receiving remote station 6 and the required 
energy-per-bit-to-noise ratio (Eb/N0). The reverse link trans 
missions from remote stations 6 to base stations 4 are not 
shoWn in FIG. 1 for simplicity. 
A block diagram illustrating the basic subsystems of an 

exemplary communication system is shoWn in FIG. 2. Base 
station controller 10 interfaces With packet netWork interface 
24, PSTN 30, and all base stations 4 in the communication 
system (only one base station 4 is shoWn in FIG. 2 for 
simplicity). Base station controller 10 coordinates the com 
munication betWeen remote stations 6 in the communication 
system and other users connected to packet netWork inter 
face 24 and PSTN 30. PSTN 30 interfaces With users 
through the standard telephone netWork (not shoWn in FIG. 
2). 

Base station controller 10 contains many selector ele 
ments 14, although only one is shoWn in FIG. 2 for sim 
plicity. One selector element 14 is assigned to control the 
communication betWeen one or more base stations 4 and one 
remote station 6. If selector element 14 has not been 
assigned to remote station 6, call control processor 16 is 
informed of the need to page remote station 6. Call control 
processor 16 then directs base station 4 to page remote 
station 6. 

Data source 20 contains the data Which is to be transmit 
ted to remote station 6. Data source 20 provides the data to 
packet netWork interface 24. Packet netWork interface 24 
receives the data and routes the data to selector element 14. 
Selector element 14 sends the data to each base station 4 in 
communication With remote station 6. In the exemplary 
embodiment, each base station 4 maintains data queue 40 
Which contains the data to be transmitted to remote station 
6. 

The data is sent, in data packets, from data queue 40 to 
channel element 42. In the exemplary embodiment, on the 
forWard link, a data packet refers to a ?xed amount of data 
to be transmitted to the destination remote station 6 Within 
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6 
one frame. For each data packet, channel element 42 inserts 
the necessary control ?elds. In the exemplary embodiment, 
channel element 42 CRC encodes the data packet and 
control ?elds and inserts a set of code tail bits. The data 
packet, control ?elds, CRC parity bits, and code tail bits 
comprise a formatted packet. In the exemplary embodiment, 
channel element 42 encodes the formatted packet and inter 
leaves (or reorders) the symbols Within the encoded packet. 
In the exemplary embodiment, the interleaved packet is 
scrambled With a long PN code, covered With a Walsh cover, 
and spread With the short PN, and PNQ codes. The spread 
data is provided to RF unit 44 Which quadrature modulates, 
?lters, and ampli?es the signal. The forWard link signal is 
transmitted over the air through antenna 46 on forWard link 
50. 
At remote station 6, the forWard link signal is received by 

antenna 60 and routed to a receiver Within front end 62. The 
receiver ?lters, ampli?es, quadrature demodulates, and 
quantiZes the signal. The digitiZed signal is provided to 
demodulator (DEMOD) 64 Where it is despread With the 
short PN, and PNQ codes, decovered With the Walsh cover, 
and descrambled With the long PN code. The demodulated 
data is provided to decoder 66 Which performs the inverse of 
the signal processing functions done at base station 4, 
speci?cally the de-interleaving, decoding, and CRC check 
functions. The decoded data is provided to data sink 68. 
The communication system supports data and message 

transmissions on the reverse link. Within remote station 6, 
controller 76 processes the data or message transmission by 
routing the data or message to encoder 72. In the exemplary 
embodiment, encoder 72 formats the message consistent 
With the blank-and-burst signaling data format described in 
the aforementioned US. Pat. No. 5,504,773. Encoder 72 
then generates and appends a set of CRC bits, appends a set 
of code tail bits, encodes the data and appended bits, and 
reorders the symbols Within the encoded data. The inter 
leaved data is provided to modulator (MOD) 74. 

Modulator 74 can be implemented in many embodiments. 
In the ?rst embodiment, the interleaved data is covered With 
a Walsh code Which identi?es the data channel assigned to 
remote station 6, spread With a long PN code, and further 
spread With the short PN codes. The spread data is provided 
to a transmitter Within front end 62. The transmitter 
modulates, ?lters, ampli?es, and transmits the reverse link 
signal over the air, through antenna 60, on reverse link 52. 

In the second embodiment, modulator 74 functions in the 
same manner as the modulator of an exemplary CDMA 
system Which conforms to the IS-95 standard. In this 
embodiment, modulator 74 maps the interleaved bits into 
another signal space using Walsh code mapping. 
Speci?cally, the interleaved data is grouped into groups of 
six bits. The six bits are mapped to a corresponding 64-bits 
Walsh sequence. Modulator 74 then spreads the Walsh 
sequence With a long PN code and the short PN codes. The 
spread data is provided to a transmitter Within front end 62 
Which functions in the manner described above. 

For both embodiments, at base station 4, the reverse link 
signal is received by antenna 46 and provided to RF unit 44. 
RF unit 44 ?lters, ampli?es, demodulates, and quantiZes the 
signal and provides the digitiZed signal to channel element 
42. Channel element 42 despreads the digitiZed signal With 
the short PN codes and the long PN code. Channel element 
42 also performs the Walsh code mapping or decovering, 
depending on the signal processing performed at remote 
station 6. Channel element 42 then reorders the demodulated 
data, decodes the de-interleaved data, and performs the CRC 
check function. The decoded data, eg the data or message, 



US 6,526,030 B2 
7 

is provided to selector element 14. Selector element 14 
routes the data and message to the appropriate destination 
(e.g., data sink 22). 

The hardWare, as described above, supports transmissions 
of data, messaging, voice, video, and other communications 
over the forWard link. Other hardWare architecture can be 
designed to support variable rate transmissions and are 
Within the scope of the present invention. 

Scheduler 12 connects to all selector elements 14 Within 
base station controller 10. Scheduler 12 schedules high 
speed data transmissions on the forWard and reverse links. 
Scheduler 12 receives the queue siZe, Which is indicative of 
the amount of data to be transmitted and other pertinent 
information Which is described beloW. Scheduler 12 sched 
ules data transmissions to achieve the system goal of maxi 
mum data throughput While conforming to system con 
straints. 
As shoWn in FIG. 1, remote stations. 6 are dispersed 

throughout the communication system and can be in com 
munication With Zero or more base stations 4. In the exem 
plary embodiment, scheduler 12 coordinates the forWard and 
reverse link high speed data transmissions over the entire 
communication system. A scheduling method and apparatus 
for high speed data transmission are described in detail in 
US. Pat. No. 6,335,922, entitled “METHOD AND APPA 
RATUS FOR FORWARD LINK RATE SCHEDULING”, 
?led Feb. 11, 1997, assigned to the assignee of the present 
invention and incorporated by reference herein. 
II. ForWard Link Channels 

In the exemplary embodiment, the forWard link, com 
prises the folloWing physical channels: pilot channel, sync 
channel, paging channel, fundamental channel, supplemen 
tal channel, and control channel. The forWard link physical 
channels facilitate transmissions of a variety of logical 
channels. In the exemplary embodiment, the forWard link 
logical channel comprises: the physical layer control, media 
access control (MAC), user traf?c stream, and signaling. A 
diagram illustrating the relationship betWeen the physical 
and logical channels on the forWard link is shoWn in FIG. 3. 
The forWard link logical channels are further described 
beloW. 
III. ForWard Pilot Channel 

In the exemplary embodiment, the forWard pilot channel 
comprises an unmodulated signal Which is used by remote 
stations 6 for synchroniZation and demodulation. In the 
exemplary embodiment, the pilot channel is transmitted at 
all times by base station 4. 
IV. ForWard Sync Channel 

In the exemplary embodiment, the forWard sync channel 
is used to transmit system timing information to remote 
stations 6 for initial time synchroniZation. In the exemplary 
embodiment, the sync channel is also used to inform remote 
stations 6 of the data rate of the paging channel. In the 
exemplary embodiment, the structure of the sync channel 
can be similar to that of the IS-95 system. 
V. ForWard Paging Channel 

In the exemplary embodiment, the forWard paging chan 
nel is used to transmit system overhead information and 
speci?c messages to remote stations 6. In the exemplary 
embodiment, the structure of the paging channel can be 
similar to that of the IS-95 system. In the exemplary 
embodiment, the paging channel supports slotted mode 
paging and non-slotted mode paging as de?ned by the IS-95 
standard. Slotted and non-slotted mode paging is described 
in detail in US. Pat. No. 5,392,287, entitled “METHOD 
AND APPARATUS FOR REDUCING POWER CON 
SUMPTION IN A MOBILE COMMUNICATIONS 
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RECEIVER”, issued Feb. 21, 1995, assigned to the assignee 
of the present invention and incorporated by reference 
herein. 
VI. ForWard Fundamental Channel 

In the exemplary embodiment, forWard traffic channels 
are used to transmit voice, data, and signaling messages 
from base stations 4 to remote stations 6 during a commu 
nication. In the exemplary embodiment, the forWard traf?c 
channels comprise fundamental channels and supplemental 
channels. Fundamental channels can be used to transmit 
voice traf?c, data traf?c, high speed data traf?c, signaling 
traffic, physical layer control messages, and MAC informa 
tion as shoWn in FIG. 3. In the exemplary embodiment, 
supplemental channels are only used to transmit high speed 
data. 

In the exemplary embodiment, the fundamental channel is 
a variable rate channel Which can be used in one of tWo 
modes: the dedicated mode and the shared mode. In the 
dedicated mode, the fundamental channel is used to transmit 
voice traf?c, IS-707 data traf?c, high speed data traf?c, and 
signaling traf?c. In the exemplary embodiment, in the dedi 
cated mode, the signaling information is transmitted via 
dim-and-burst or blank-and-burst format as described in the 
aforementioned US. Pat. No. 5,504,773. 

Alternatively, if remote station 6 does not have an active 
circuit sWitched service (e.g., voice or fax), the fundamental 
channel may operate in the shared mode. In the shared mode, 
the fundamental channel is shared among a group of remote 
stations 6 and the forWard control channel is used to indi 
cated to the remote station 6 When to demodulate the 
assigned fundamental channel. 
The shared mode increases the capacity of the forWard 

link. When no voice or circuit-sWitched data service is 
active, using a dedicated fundamental channel is inef?cient 
because the fundamental channel is under-utiliZed by inter 
mittent packet data services and signaling traf?c. For 
example, the fundamental channel may be used to transmit 
the TCP acknoWledgments. In order to minimiZe the trans 
mission delay in the delivery of the signaling messages and 
data traffic, the transmission rate of the fundamental channel 
is not reduced signi?cantly. Several under-utiliZed funda 
mental channels can adversely affect the performance of the 
system (e.g., causing reduction in the data rate of the high 
speed users). 

In the exemplary embodiment, the use of the fundamental 
channel in the shared mode for a particular remote station 6 
is indicated by an indicator bit sent on the forWard control 
channel. This indicator bit is set for all remote stations 6 in 
the group When a broadcast message is sent on the shared 
signaling channel. OtherWise, this indicator bit is set only for 
the particular remote station 6 for Which a traf?c channel 
frame is transmitted on the next frame. 

VII. ForWard Supplemental Channel 
In the exemplary embodiment, the supplemental channel 

is used to support high speed data services. In the exemplary 
embodiment, the supplemental channel frame can be trans 
mitted using one of a plurality of data rates and the data rate 
used on the supplemental channel is transmitted to the 
receiving remote station 6 by signaling (e.g., forWard link 
schedule) on the control channel. Thus, the data rate on the 
supplemental channel does not need to be dynamically 
determined by the receiving remote station 6. In the exem 
plary embodiment, the Walsh codes used for the supplemen 
tal channel are communicated to remote stations 6 via the 
logical signaling channel Which is transmitted on the for 
Ward fundamental channel. 
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VIII. Forward Control Channel 
In the exemplary embodiment, the control channel is a 

?xed rate channel associated with each remote station 6. In 
the exemplary embodiment, the control channel is used to 
transmit power control information and short control mes 
sages for the forward and reverse link schedule (see FIG. 3). 
The scheduling information comprises the data rate and the 
transmission duration which have been allocated for the 
forward and reverse supplemental channels. 

The usage of the fundamental channel can be regulated by 
signaling channel frames which are transmitted on the 
control channel. In the exemplary embodiment, allocation of 
the logical signaling channel: frames is performed by an 
indicator bit within the control channel frame. The process 
fundamental indicator bit informs remote station 6 whenever 
there is information directed to remote station 6 on the 
fundamental channel in the next frame. 

The control channel is also used to transmit reverse power 
control bits. The reverse power control bits direct remote 
station 6 to increase or decrease its transmission power such 
that the required level of performance (e.g., as measured by 
the frame error rate) is maintained while minimiZing inter 
ference to neighboring remote stations 6. An exemplary 
method and apparatus for performing reverse link power 
control is described in detail US. Pat. No. 5,056,109, 
entitled “METHOD AND APPARATUS FOR CONTROL 
LING TRANSMISSION POWER IN A CDMA CELLU 
LAR MOBILE TELEPHONE SYSTEM”, assigned to the 
assignee of the present invention and incorporated by ref 
erence herein. In the exemplary embodiment, the reverse 
power control bits are transmitted on the control channel 
every 1.25 msec. To increase capacity and minimiZe 
interference, control channel frames are transmitted on the 
control channel only if there is scheduling or control infor 
mation available for remote station 6. Otherwise, only power 
control bits are transmitted on the control channel. 

In the exemplary embodiment, the control channel is 
supported by soft handoff to increase reliability in the 
reception of the control channel. In the exemplary 
embodiment, the control channel is placed in and out of soft 
handoff in the manner speci?ed by the IS-95 standard. In the 
exemplary embodiment, to expedite the scheduling process 
for the forward and reverse links, the control frames are each 
one quarter of the traffic channel frame, or 5 msec for 20 
msec traf?c channel frames. 
IX. Control Channel Frame Structure 

The exemplary control channel frame formats for the 
forward and reverse link schedules are shown in Table 1 and 
Table 2, respectively. Two separate scheduling control chan 
nel frames, one for the forward link and another for the 
reverse link, allow for independent forward and reverse link 
scheduling. 

In the exemplary embodiment, as shown in Table 1, the 
control channel frame format for the forward link schedule 
comprises the frame type, the assigned forward link rate, and 
the duration of the forward link rate assignment. The frame 
type indicates whether the control channel frame is for the 
forward link schedule, the reverse link schedule, the supple 
mental channel active set, or the erasure-indicator-bit (EIB) 
and fundamental frame indicator. Each of these control 
channel frame formats is discussed below. The forward link 
rate indicates the assigned data rate for the upcoming data 
transmission and the duration ?eld indicates the duration of 
the rate assignment. The exemplary number of bits for each 
?eld is indicated in Table 1, although different number of 
bits can be used and are within the scope of the present 
invention. 
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TABLE 1 

Description # of Bits 

Frame Type 2 
Forward Link Rate 4 
Duration of Forward Link Rate Assignment 4 

Total 10 

In the exemplary embodiment, as shown in Table 2, the 
control channel frame format for the reverse link schedule 
comprises the frame type, the granted reverse link rate, and 
the duration of the reverse link rate assignment. The reverse 
link rate indicates the data rate which has been granted for 
the upcoming data transmission. The duration ?eld indicates 
the duration of the rate assignment for each of the carriers. 

TABLE 2 

Description # of Bits 

Frame Type 2 
Reverse Link Rate (Granted) 4 
Duration of Reverse Link Rate Assignment 2 (4 per carrier) 

Total 18 

In the exemplary embodiment, base station 4 can receive 
reports from remote station 6 indicating the identity of the 
strongest pilot within the active set of remote station 6 and 
all other pilots in the active set which are received within a 
predetermined power level (AP) of the strongest pilot. This 
is discussed in detail below. In response to this power 
measurement report, base station 4 can send a control 
channel frame on the control channel to identify a modi?ed 
set of channels from which remote station 6 is to receive 
supplemental channels. In the exemplary embodiment, the 
code channels corresponding to the supplemental channels 
for all members of the active set are transmitted to remote 
station 6 via signaling messages. 
The exemplary control channel frame format that is used 

by base station to identify the new set of base stations 4 from 
which supplemental channel frames are transmitted is shown 
in Table 3. In the exemplary embodiment, this control 
channel frame comprises the frame type and the supplemen 
tal active set. In the exemplary embodiment, the supplemen 
tal active set ?eld is a bit-map ?eld. In the exemplary 
embodiment, a one in position i of this ?eld indicates that 
supplemental channel is transmitted from the i-th base 
station 4 in the active set. 

TABLE 3 

Description # of Bits 

Frame Type 2 
Supplemental Active Set 2 

Total 8 

The exemplary control channel frame format used to 
transmit the process fundamental channel indicator bit and 
the EIBs is shown in Table 4. In the exemplary embodiment, 
this control channel frame comprises the frame type, the 
fundamental and supplemental channel EIBs, and the pro 
cess fundamental channel bit. The fundamental EIB indi 
cates whether a previously received reverse link fundamen 
tal channel frame was erased. Similarly, the supplemental 
EIB indicates whether a previously received reverse link 










